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Abstract 
Due to poor removal efficiency of refractory organic compounds, color and total phosphorous (TP) residual in the 
secondary effluent by the conventional advanced treatment technology, effect of ozone (O3) enhanced coagulation on 
the treatment of the secondary effluent was investigated in this research. The results showed that ozone could 
improve the pollutant removal efficiency. After ozonation, the pollutant removal rate by the coagulation and filtration 
process increased. O3 pre-treatment could extend the operation cycle of the variable void deep filter. In case of O3 
dosage of 1.5 mg/L, PAC dosage of 4 mg/L, flocculation time of 15 min and the filter operation cycle of 16 h, the 
average removal rate of turbidity, COD, UV254, TP and color by the combination of O3 enhanced microflocculation 
and variable void deep filtration process (combination technology) was 79.0%, 46.5%, 56.6%, 30.8% and 69.2%, 
respectively, higher than that by the traditional combination of microflocculation and filtration process (traditional 
technology). In summary, the combination technology is an effective treatment technology in the tertiary treatment of 
the secondary effluent. 
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1. Introduction 
Due to increasing water scarcity, reuse of the secondary effluent of sewage treatment plant after 
advanced treatment is widely concerned in many countries. Furthermore, in many part of our country, the 
government has raised the sewage emission standard. The main task of the municipal sewage treatment 
plant is to remove the colloidal or soluble organic compounds, so that the effluent can meet a certain 
 
*Corresponding author. Tel.: +86-532-85071238; fax: +86-532-85071238. 
E-mail address: xuejunb@qtech.edu.cn. 
2011 3rd International Conference on Environmental 
Science and Information Application Technology (ESIAT 2011)
1878-0296 © 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference ESIAT2011 Organization Committee.
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference ESIAT2011 Organization Committee.
Open access under CC BY-NC-ND license.
556   L.H. Cheng et al. /  Procedia Environmental Sciences  10 ( 2011 )  555 – 560 
 
emission standard. Although the wastewater is well treated in the secondary treatment process, the 
effluent contains a variety of contaminant, such as, pathogenic microorganism, microscale toxic chemical 
and plant nutrients (N and P), which bring potential risk to the receiving waterbody and the aquatic eco-
environment [1]. To guarantee safe use of reclaimed water or the effluent to meet the standard, tertiary 
treatment process is required to reduce the residual pollutant amount of the secondary effluent. 
In recent decades, many advanced technologies for the sewage tertiary treatment were developed. 
These technologies consisted of continuous-flow sand filtration, membrane filtration [2-4], biological 
filter [5], slow sand filtration [6], electrochemical disinfection [7] and so on. Coagulation was often used 
as the pretreatment process of these technologies. Coagulation is effective in the treatment of the 
suspended solids and the colloidal material, while, its removal effect on the dissolved organic compounds 
(DOC) is limited. Enhanced coagulation technology was developed on this base. The enhanced 
coagulation process improves the contaminant removal efficiency by improving the hydrolyzate pattern 
of the flocculant, changing the molecular polarity of the organic compounds, reducing the electrostatic 
repulsion and steric hindrance between organic molecules (OM), thereby, improving the association 
possibility of the OM, increasing the hydrophobicity of the OM.  
The goal of this work is to evaluate the feasibility of O3 in the enhanced coagulation of the sewage 
tertiary treatment. To achieve this goal, O3 oxidation was used as the pretreatment process prior to the 
micro-flocculation and subsequently variable void deep filtration process in this research. Difference of 
the contaminant removal rate between the traditional technology and the combination technology was 
measured to determine the enhanced coagulation effect of O3 pretreatment, meanwhile, the removal 
efficiency of DOC and color by O3 pretreatment was investigated in this experiment. The results of this 
work can assist in the application of O3 in the sewage tertiary treatment. 
2. Methods 
2.1. Source and characteristics of the secondary effluent 
The experiment was conducted in a typical wastewater treatment plant (WWTP) of Qingdao, China, 
with the capability of nitrogen and phosphorous removal. The secondary effluent quality of this WWTP 
was as following: CODCr 42.63~67.09 mg/L, pH 6.8~7.3, TP 0.48~1.2 mg/L, UV254 0.196~0.259 cm-1, 
turbidity 2.50~7.72 NTU and color 16.57~37.17嘙. 
2.2. Experimental set-up 
The laboratory scale set-up for the experiment is shown in Fig. 1. It consists of a O3 generator, a 
contact reactor, a micro-flocculation reactor and a variable void deep filter. CF-G-3-101g ozone generator 
(Qingdao Guolin Ozone Equipment Co., Ltd) with compressed air as gas source was used in this study. 
O3 was bubbled into the base of the contact reactor with a fine bubble diffuser. The residual O3 in the off-
gas from the reactor was adsorbed by a potassium iodide solution. The contact reactor is a plexiglass 
column with a working volume of 3 L (9 cm diameter × 50 cm height). Both micro-flocculation reactor 
and the filter are plexiglass with the working volume of 11 L (9 cm diameter ×180 cm height). The micro-
flocculation reactor is a up-flow reactor. Mixture of quartz sand  with different particle size is used as 
filtration media in which the particle size of smaller sand is in the range of 0.8~1.2 mm and the particle 
size of bigger sand is in the range of 1.8~2.4 mm. The fine particle accounted for 4% of the total volume 
of the filtration media. The total thickness of the filtration bed is about 60 cm. Pebbles with the size of 
15~30 cm, 8~15 cm and 4~8 cm are laid under the filtration bed to serve as the supporting layer.  
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Fig. 1. Schematic of laboratory set-up for the experiment 
2.3. Experimental methods 
Secondary effluent of the WWTP served as the raw water of this research and the polyaluminium 
chloride (PAC) with Al2O3 content of 30% was used as the coagulant. The comparison of the polluant 
removal efficiency by the two technologies was conducted by two sets of test equipment. At the 
beginning of the experiment, for the combination technology, raw water was pumped into the O3 contact 
reactor and stayed for about 2 min. PAC was added into the effluent of the contact reactor by a metering 
pulse pump, then the water flew into the micro-flocculation reactor with the retention time of 15 min. For 
the traditional technology, raw water was directly pumped into the micro-flocculation reactor after 
addition of PAC. The outflow of the micro-flocculation reactor down flew through the filter and the 
filtrate was sampled from the bottom of the reactor to determine the pollutant removal efficiency. 
2.4. Analysis methods.  
Color was measured by platinum-cobalt standard method. TP was determined by potassium 
persulphate digestion-molybdenum-antimony anti-spectrophotometry method. Ultraviolet absorbance at 
254nm wavelength (UV254) of the water sample was measured using UV765CRT ultraviolet 
spectrophotometer (Shanghai Precision & Scientific Instrument Co., China). Turbidimeter was used to 
determine turbidity. CODCr was determined using standard reflux titrimetric method.  
3. Results and discussion 
3.1.  Turbidity and TP removal  
Fig. 2 showed the change of turbidity and TP removal efficiency with the filtration time during one 
filtration operation cycle. In case of the same PAC dosage, the removal rate by the combination 
technology was higher than that by the traditional technology, indicating that O3 pretreatment could 
improve the coagulation effect. In the secondary effluent, there exists much residual organic compounds 
which should hinder the coagulation process. O3 can oxidize some of this kind of compounds, resulting in 
the improvement of turbidity removal. Furthermore, with the dosage of PAC increased, the operation 
cycle of the two technologies shorten, because more coagulant would generate more flocs, resulting in the 
filtration media penetration by the flocs and shortening of the filter operation cycle. However, O3 
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pretreatment could extend the operation cycle of the filter. This may be because the enhanced coagulation 
effect of O3 could contribute to big and compact flocs readily hold back by the filtration.  
O3 pretreatment could improve TP removal efficiency by the coagulation process. TP removal rate by 
the combination technology was much higher than that by the traditional technology. And at the initial 
reaction stage, TP removal rate increased with the filtration time. Because at the beginning of the 
filtration, the flocs hold by the filtration media can also serve as the intercept medium to trap the small 
particle. While, with the filtration time further extend, the flocs hold in the filter bed will penetrate the 
filter bed and go into the effluent. Therefore, at the end of the cycle, TP removal rate dropped instead. TP 
existes in the secondary effluent in the pattern of orthophosphate or poly-phosphorous in the phosphate 
accumulating organisms (PAOs). When aluminum salt dispersed into wastewater, PO43- reacted with Al3+ 
to form precipitate and was removed from the water. In the secondary effluent, the residual organic 
compounds could adsorb onto the surface of the small particles containing phosphorous and form coating 
to hinder the coagulation reaction. And the poly-phosphorous in the cell of the PAOs could not react with 
Al3+. O3 could react with organic compounds, disclose the coating to expose the phosphorous and 
improve the coagulation process. Furthermore, O3 is a good disinfectant and it can distroy and dissolve 
the cell-wall of the PAOs and release the cytoplasm [8], meanwhile, poly-phosphorous was released from 
the cell and react with Al3+. Therefore, O3 pretreatment could significantly increase TP removal. 
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Fig. 2. Turbidity and COD removal by the combination technology and the traditional technology during one filtration cycle. 
3.2. Color removal 
The secondary effluent still appeares light yellow which is an unpleasent thing for people, hence, the 
color should be removed from the water before the discharge or the reuse of the water. In this experiment 
condition, Color removal rate by the traditional technology did not exceed 33%. While, after O3 
pretreatment, color removal efficiency increased significantly. And the removal rate reached to about 
70% in case of PAC dosage in the range of 4 ~6mg/L, increasing by about 40% (Fig. 3). 
Color in water can be divided into two part: (1) apparent color, coming from the light absorption or 
light scattering of the particles and (2) true color, caused by DOC. The coagulation technology can 
remove apparent color efficiently, while the true color removal efficiency by this technology is very 
limited. The structural feature of the organic compounds causing color is that they contains chromophore, 
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such as, C=C, C=O, C=N, N=N and so on. O3 is a strong oxidant, it could react with such unsaturated 
compounds and reduce the true color of the water by destroy unsaturated bond.  
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Fig.4. Color removal by the combination technology and the traditional technology during one filtration cycle. 
3.3. UV254 and COD removal  
UV254 and COD removal efficiency by the two technologies were shown in Fig. 4. With PAC dosage 
increased, UV254 removal rate increased correspondingly. When PAC dosage was in the range of 2~ 
6mg/L, UV254 removal rate by the traditional technology was only in the range of 5.4% to 9.2%. 
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Fig. 3. UV254 and TP removal by the combination technology and the traditional technology during one filtration cycle. 
However, the combination technology could remove UV254 efficiently with the removal rate exceed 
56% when PAC dosage was in the range of 4~6mg/L. Better UV254 removal efficiency of the combination 
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technology was due to the DOC degradation ability of O3. UV254 represented the aromatic compounds and 
unsaturated compounds, especially the humic compounds [9]. Some organic compounds, such as, lignin, 
humic substance and other matters containing aromatic ring, double bonds and hydroxyl group were main 
pollutants in natural waters and sewage secondary effluent, accounting for 40%̚60% of the organic 
compounds. These organic compounds have strong absorption at 254nm. The observed reduction of 
UV254 may be a consequence of oxidation of such compounds by O3.  
The average COD removal rate by the combination technology was more higher than that by the 
traditional technology. In the secondary effluent, there exists suspended, colloidal and dissolved organic 
matter, and DOC takes up a great proportion of the organic compounds. Most of the suspended and 
colloidal matter can react with coagulant to form flocs easily removed by the subsequent filtration, while 
majority of DOC can’t be removed by flocculation. O3 could oxidize some DOC, while it only degrade 
DOC with high molecular size to smaller ones and it can’t mineralize DOC completely to generate 
inorganic compounds. majority of oxidation products were still organic compounds under the present 
research condition. As a result, COD removal rate by two technologies were limited. 
4. Conclusion 
O3 pretreatment could enhance coagulation effect of the secondary effluent. The pollutant removal rate 
by the combination technology at PAC dosage 4 mg/L was significantly higher than that by the traditional 
technology at PAC dosage 6 mg/L. In the condition of O3 dosage 1.5mg/L and PAC dosage 4 mg/L, the 
average removal rate of turbidity, COD and TP in one filtration cycle could reach to 79.0%, 46.5%, and 
30.8%, respectively. O3 could remove UV254 and color effectively. In the optimal condition, the average 
removal rate of UV254 and color by the combination technology was 56.6% and 69.2%, higher than that 
by the traditional technology by 47.4% and 41.7%.In summary, O3 could be used as pretreatment process 
ahead of the coagulation process to improve the coagulation effect, reduce color and remove DOC. 
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